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A  storm  of  controversy  has  descended  upon  the  once  placid  IQ-testing  establish¬ 
ment.  If  we  are  to  seek  a  nontrivial  understanding  of  the  relationship  between 
natural  intelligence  on  the  one  hand,  and  measured  intelligence  (IQ)  on  the  other, 
there  is  one  route  to  solution  that  t^ill  clearly  not  lead  us  to  the  heart  of  the 
problem,  and  that  we  must  avoid  at  all  costs.  This  is  the  route  in  which  one  de¬ 
fines  away  (rather  than  defines)  intelligence  as  whatever  it  is  that  10  tests 
measure. 

Like  other  investigators  in  the  field  of  intelligence,  I  have  iny  own  preferred 
bag  of  tricks  for  studying  intelligent  functioning.  I  believe  my  methods  have 
worked  rather  well,  and  I  will  certainly  share  the  major  details  of  some  of  these 
methods  with  you.  But  I  do  not  claim  that  they,  and  they  alone,  can  tell  us  the 
true  nature  of  intelligence.  Instead,  I  am  prepared  to  make  an  even  more  daring 
claim,  namely,  that  most  of  the  analytic  methods  for  studying  intelligence  that 
have  been  used  have  told  us  a  fair  amount  about  the  nature  of  intelligence,  and 
that  a  careful  examination  of  their  findings  reveals  a  common  core  of  generaliza¬ 
tions.  The  fact  that  this  common  core  exists  essentially  independently  of  the 
method  of  analysis  used  convinces  me  that  we  need  not  turn  in  despair  to  operation¬ 
al  definitions,  because  we  can  make  some  generalizations  about  the  nature  of  intel¬ 
ligence  that  are  not  idiosyncratic  to  the  methodological  or  theoretical  preference 
of  any  particular  school  of  thought.  Let  us  consider  now  what  four  of  those  school- 
of  thought  arc,  some  findings  that  have  emerged  from  them,  and  how  these  findings 
generalize  across  the  various  schools. 

Do  f  L  tu  t  ions  of_  In  tell  i  g  e  i  >ce 

One  approach  to  understanding  what  intelligence  is  involves  simp)''  a.-. king 
people  to  define  it  (in  a  nontrivial  way).  Usual lv,  these  people  are  experts. 

The  most  famous  example  of  this  approach  in  ,ut  inn  can  he  found  in  "lnt<  1 ! i gem < 
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and  its  Measurement,"  a  symposium  in  which  the  editors  of  the  Journal  of  Fd ucat ..a- 
al  Psychology  asked  experts  in  the  field  of  intelligence  to  indicate  what  thev  con¬ 
ceive  'intelligence'  to  be."  (1)  Fourteen  experts  responded,  and  although  the  s' r.- 
posium  was  presented  way  back  in  192J ,  one  might  speculate  that  similar  kinds  of 
responses  would  be  obtained  from  experts  today.  The  definitions  included  (a)  tin. 
power  of  good  responses  from  the  point  of  view  of  truth  or  fa  t  (E.  L.  Thorndike); 
(b)  the  ability  to  carry  on  abstract  thinking  (1,.  M.  Termnp;  (c)  having  learned  cr 
ability  to  learn  to  adjust  oneself  to  the  environment  (S.  S.  Colvin);  (d)  ability 
to  adapt  oneself  adequately  to  relatively  new  situations  in  life  (R.  Pint  nor);  (e) 
the  capacity  for  knowledge  and  knowledge  possessed  (V.  A.  C.  Ilenmon) ;  (f)  a  biolo¬ 
gical  mechanism  by  which  the  effects  of  a  complexity  of  stimuli  arr  brought  together 
and  given  a  somewhat  unified  effect  in  behavior  (J.  Peterson);  (g)  the  capacity  to 
inhibit  an  instinctive  adjustment,  the  capacity  to  redefine  the  inhibited  adjustr.nt 
in  the  light  of  imaginallv  experienced  trial  and  error,  and  the  volitional  capacity 
to  realize  the  modified  instinctive  adjustment  into  overt  behavior  to  the  advant.i.e 
of  the  individual  as  a  social  animal  (L.  L.  Thurstone);  (h)  the  capacity  lo  arcuiri 
capacity  (H.  Woodrow);  and  (i)  the  capacity  to  learn  or  to  profit  by  experience 
(W.  F.  Dearborn).  The  other  experts  did  not  answer  the  question  directly. 

Viewed  narrowly,  there  seem  to  lx'  as  many  definitions  of  intelligence  as  there 
were  experts  asked  to  define  intelligence.  Viewed  broadly,  however,  at  least  three 
themes  seem  to  run  through  many  of  these  definitions.  One  thene  is  the  ability  to 
learn  or  profit  from  experience,  and  the  knowledge  actually  acquired  in  thi  .  v,r  ; 
a  second  theme  is  real-world  problem  solving  of  the  kind  ne» ded  lor  ad ao at  ion  to 
the  vagaries  of  an  uncertain  and  changing  environment;  and  a  third  then-  is  abstra  t 
thinking  or  reasoning  ability,  such  as  that  required  in  integrating  in'ei  ation  •: 
a  variety  of  diverse  sources.  There  is  also  a  hint  in  some  of  those  di I init  ion., 
part  ioularlv  in  that  of  Thurstone,  and  in  the  ti  \t  of  the  ••vmpiv  i  um  a  '  1<  ,  • 
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a  motivaLion.il  component  in  intelligence.  In  Thurs tone's  conceptualization,  the 
Intel lige  t  organism  is  one  with  the  volitional  capacity  to  translate  the  products 
of  the  mind  into  actions  that  benefit  the  organism  in  its  social  milieu. 

1  noted  above  the  possibility  one  might  speculate  that  similar  kinds  of  re¬ 
sponses  might  be  obtained  from  the  experts  Of  today.  In  fact,  some  colleagues  and 
I  at  Yale  conducted  a  survey  by  mail  in  which  experts  in  the  field  of  intelligence 
were  asked  Lo  rate  (on  a  1  to  9  scale)  either  how  important  each  of  158  behaviors 
is  in  defining  their  conception  of  an  "ideally  intelligent  person,"  or  how  char¬ 
acteristic  each  of  these  behaviors  is  in  the  behavioral  repertoire  of  such  a 
person.  (2)  We  used  the  statistical  technique  of  factor  analysis  to  identify  the 
main  constellations  of  behaviors  that  emerged  from  the  responses  of  the  142  experts 
who  replied.  Factor  analysis  groups  into  constellations,  or  factors,  ratings  or 
scores  that  are  highly  related  to  (i.e.,  correlated  with)  eacli  other,  and  soparaics 
ratings  or  scores  that  are  only  weakly  related.  Three  such  constellations  emerged. 
The  first,  which  we  labeled  "verbal  intelligence,"  included  general  learning  and 
comprehension  abilities,  as  well  as  the  knowledge  gleaned  from  them.  Examples  of 
behaviors  entering  into  this  factor  were  "displays  a  good  vocabulary,"  "reads  with 
high  comprehension,"  "is  intellectually  curious,"  "learns  rapidly,"  "converses 
easily  on  a  variety  of  subjects,"  and  "reads  widely."  The  second  constellation, 
which  we  labeled  "problem  solving  ability,"  included  behaviors  of  the  kind  that 
might  he  viewed  as  involving  abstract  thinking  or  reasoning  in  the  integration  of 
information,  for  example,  "able  to  apply  knowledge  to  problems  at  hand,"  "poses 
problems  in  an  optimal  wav,"  "solves  problems  well,"  "plans  ahead,"  "gets  t  o  the 
heart  of  problems,"  "considers  the  end  result  of  actions,"  and  "approaches  probliv- 
thoughtfully."  The  third  constellation,  which  we  labeled  "practical  i nt e 1 1 i gem  • 
tin  ludi'd  real-world  adaptive  behaviors  such  as  "sizes  up  situations  veil,"  "deter¬ 
mines  how  to  aihieve  goals,"  "displays  .awareness  to  the  world  around  hii:  or  her. 
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"displays  interest  in  the  world  at  large."  Although  1  would  not  claim  that  these 
three  factors  coincide  exactly  with  the  three  themes  identified  in  a  different  way 
at  a  different  time  with  different  experts  parti cipating  in  the  1921  symposium, 
there  is  an  apparent  and  I  believe  striking  convergence  in  the  abilities  that  were 
identified.  The  motivational  component  that  seemed  to  run  through  some  of  the 
earlier  responses  also  seems  to  run  through  some  of  the  more  recent  ones,  if  any¬ 
thing,  even  more  forcefully. 

Even  more  striking,  perhaps,  than  the  convergence  in  views  between  the  experts 
of  yesterday  and  those  of  today  is  the  convergence  in  views  between  the  experts  and 
laypeople  of  our  own  time.  When  the  same  survey  that  was  given  to  the  experts  was 
given  to  a  general  sample  of  adults  (nonstudents)  in  the  New  Haven  area  who  answered 
a  newspaper  advertisement  to  participate  in  a  psychology  experiment,  the  correlations 
between  the  responses  of  the  experts  and  the  laypeople  were  almost  as  high  as  the 
reliabilities  of  the  respective  sets  of  responses  would  permit,  both  for  the  ratings 
of  importance  and  for  the  ratings  of  characteristicness.  Although  the  experts  in  our 
sample  all  had  received  doctoral  degrees  In  psychology,  were  all  employed  at  major 
colleges  or  universities,  and  had  all  published  major  rescarcli  in  the  field  of  in¬ 
telligence,  their  conceptions  of  intelligence  differed  hardly  at  all  from  the  con¬ 
ceptions  of  the  general  adult  population. 

Factors  of  I niol 1 i gencc 

In  the  study  of  exports'  and  laypersons'  conceptions  of  intelligence  mention!  d 
above,  my  colleagues  and  I  factor  analyzed  people's  ratings  of  behaviors  that  ni.M 
bo  labelled  "intelligent."  A  more  conventional  use  of  factor  analysis,  however,  is 
in  the  analysis  of  the  aiiual  behaviors  themselves.  For  example,  an  invest igatoi 
might  factor  analyze  patterns  of  correlations  between  scores  on  a  large  number  e! 
ability  tests,  looking  for  constellations  of  test  scores  that  arc  highly  related 


( ear’ll  ot  li.-i  ,  and 


hoping,  thereby  to  disced  r  the 


latent  sources  of  individual  differences  that  are  hypothesized  to  generate  observ¬ 
able  differences  in  scores  on  the  tests. 

A  number  of  different  factorial  theories  of  intelligence  have  been  proposed, 
each  based  upon  factor  analyses  of  various  kinds  of  mcnt;fl*ability  tests.  Investi¬ 
gators  usually  propose  or  select  among  factorial  theories  on  the  baser;  of  criteria 
such  as  psychological  plausibility,  parsimony,  statistical  goodness  of  fit,  and  the 
like. 

The  earliest  factorial  theory  of  the  nature  of  intelligence  was  formulated  by 
the  inventor  of  factor  analysis,  Charles  Spearman.  (3)  Spearman's  analysis  of  re¬ 
lations  among  the  kinds  of  mental  tests  he  and  other  psychologists  had  been  admin¬ 
istering  led  him  to  propose  what  he  inappropriately  called  a  "two- f  '  ctor"  theory 
of  intelligence.  According  to  this  theory,  intelligence  comprises  two  kinds  of 
factors  (rather  than  just  two  factors) — a  general  factor  and  specific  factors. 
General  ability,  or  as  measured  by  the  general  factor,  is  required  for  per¬ 

formance  on  mental  tests  of  all  kinds.  Each  specific  ability,  as  measured  by  each 
specific  factor,  is  required  for  performance  on  just  one  kind  of  mental  test.  be¬ 
cause  there  are  as  many  specific  factors  as  there  are  tests,  specific  factors  arc 
wholly  unparsimonious ,  i.e.,  fail  to  provide  any  reduction  of  the  data,  and  hence 
are  of  little  interest.  There  is  only  a  single  general  factor,  however,  making, 
this  factor  of  considerable  interest. 

As  might  he  expected,  the  attempt  to  account  for  what  is  interesting  in  in¬ 
telligent  behavior  via  just  a  single  factor  proved  to  he  too  parsimonious  for  the 
tastes  of  most  theorists:  the  single  factor  just  didn't  account  for  enough  of  tin 
variation  in  different  individuals'  scores  to  render  it  a  reasonably  complete  ex¬ 
planation  of  intelligence.  More  recent  theorists  have  subdivided  the  general  fatter 
Into  two  or  more  subfactors,  and,  interest  inglv,  there  seems  to  be  r..tlier  bro  id 
agreement  among,  contemporary  factor  theorist  s  as  to  what  at  least  two  of  t  b.  sub- 
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factors  should  be.  They  are  what  have  been  called  "crystallized"  and  "fluid" 
abilities  by  Cattell,  Horn,  and  their  followers,  and  "verbal-educational"  and 
"practical-mechanical"  abilities  by  Vernon  and  his  followers.  (A)  The  correspondin’ 
ities  match  very  closely  for  two  different  theories  proposed  by  two  different 
research  groups.  No  investigators ,  including  the  present  ones,  would  claim  that 
these  are  the  only  suhfnctors  that  might  be  identified,  or  that  these  subfactors 
could  not  be  subdivided  further.  To  the  contrary,  most  contemporary  factor  theorists 
accept  a  hierarchical  model  of  intelligence  whereby  further  subdivisions  are  an  in¬ 
tegral  part  of  their  theories.  What  is  striking,  rather,  is  that  a  large  number  of 
investigators  find  this  particular  division  to  he  a  plausible,  although  partial,  one. 

In  the  Cattell-Horn  terminology,  crystallized  ability  includes  the  knowledge 
and  skills  measured  by  tests  of  vocabulary,  general  information,  and  reading  com¬ 
prehension.  To  a  large  extent,  then,  it  represents  the  extent  of  a  person's  accul¬ 
turation,  both  in  terms  of  the  outcomes  of  acculturation  (vocabulary,  general  infor¬ 
mation)  and  the  processes  of  acculturation  (reading  comprehension).  Stated  in 
another  way,  it  may  be  viewed  as  a  person's  ability  to  learn  or  profit  from  exper¬ 
ience,  and  the  knowledge  actually  acquired  in  this  way.  When  viewed  in  this  way, 
"crystallized  ability"  is  a  label  for  one  of  the  three  themes  that  ran  through  the 
definitions  of  intelligence  considered  earlier.  Fluid  ability  includes  the  skills 
and  knowledge  measured  by  abstract  reasoning  tests  such  as  figural  analog, ies  (re¬ 
quiring  individuals  to  indicate  which  of  several  answer  options  is  related  to  a  (' 
term  in  the  same  way  that  a  J1  term  is  related  to  an  A  term),  figural  series  cor.sU- 
tions  (requiring  individuals  to  indicate  which  of  several  answer  options  completes 
a  geometric  progression),  and  figural  classifications  (requiring  individuals  to 
indicate  which  of  several  answer  options  is  most  similar  to  several  given  g--o- 
nu-tric  figures).  Fluid  ability  may  be  viewed  as  a  person's  abilitv  to  thinl  an: 
reason  abstractly,  another  one  of  the  themes  lli.it  ran  through  tile  di  fin  it  ions  nt 
intelligence  considered  earlier. 
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There  is  nothing  in  the  Cattell-Horn  or  Vernon  theories  that  corresponds  to 
the  theme  of  practical  problem-solving  or  adaptational  ability.  Indeed,  although 
some  investigators,  such  as  Guilford,  have  included  one  or  more  factors  of  practi¬ 
cal  intelligence  in  their  theories,  the  search  for  a  replicable  factor  of  practical 
or  social  intelligence  that  appears  in  multiple  investigations  has  been  an  elusive 
one.  (5)  The  motivational  component  that  ran  through  the  definitions  of  intelli¬ 
gence  can  also  be  seen  running  through  the  writings  of  Cattell,  and  is  perhaps 
most  clearly  seen  in  Spearman's  equation  of  with  "mental  energy."  (6) 

For  complex  statistical  reasons  that  I  have  discussed  elsewhere,  it  is  possi¬ 
ble  for  the  factor  analysis  of  a  given  set  of  tests  for  a  given  set  of  subjects 
to  support  more  than  one  theory.  (7)  I  have  also  shown,  however,  that  these 
"different"  theories  may  all  be  viewed  as  special  cases  of  a  single  theory,  with 
each  special  case  highlighting  different  aspects  of  the  nature  of  intelligence.  (8) 
I  believe,  therefore,  that  too  much  has  been  made  of  differences  among  theories  in 
past  writings,  and  not  enough  of  their  similarities. 

Processes  of  Intelligence 

Until  about  1960,  research  on  the  nature  of  intelligence  was  dominated  by  the 
factorial  approach  to  intelligence  (which  is  sometimes  called  the  differential 
approach  or  the  psychometric  approach) .  The  publication  in  1960  of  two  classic 
works  by  two  different  sets  of  "information-processing  psychologists"--Mil ler , 
Galanter,  and  Pribram,  and  Newell,  Shaw,  and  Simon — initiated  a  change  in  emphasis 
from  research  seeking  to  factor  analyze  the  products  of  test  performance  to  re¬ 
search  seeking  to  isolate  the  processes  of  test  performance.  (9)  By  the  1970's, 
the  information-processing  approae.lt  was  firmly  entrenched  in  the  study  of  intelli¬ 
gence.  The  adoption  of  the  information-processing  approach  has  not  necessitated 
Lite  rejection  of  what  we  learned  from  factor  analysis.  Rather,  information¬ 
processing  psychologists  have  sought  to  supplement  our  understanding  of  the  factors 
of  intelligence  with  an  understanding  of  the  processes  that  are  responsible  at 
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least  in  part  for  the  generation  of  these  factors  as  sources  of  individual  dif¬ 
ferences.  Examples  of  processes  include  encoding  stimulus  information,  inferring 
relations  between  stimuli,  and  applying  these  relations  to  new  contexts. 

A  number  of  different  information-processing  theories  and  methods  have  been 
proposed  by  researchers  such  as  Jack  Carroll,  Earl  Hunt,  Arthur  Jensen  (whose 
work  on  information  processing  can  and  should  be  distinguished  from  his  work  on 
group  differences  in  intelligence),  James  Pellegrino  and  Robert  Glaser,  Richard 
Snow,  and  myself.  (10) These. theories  are  similar  in  their  postulation  of  sets  of 
basic  processes  That  are  proposed  to  be  used  in  intelligent  information  processing. 
They  differ  in  the  identities  of  the  processes,  the  complexity  of  the  processes, 
and  the  tasks  from  which  the  processes  are  isolated  and  which  are  alleged  to 
measure  intelligent  performance.  The  tasks  range  in  complexity  from  choice  re¬ 
action  time  to  complex  reasoning  problems.  For  example,  in  Hunt’s  theory',  indi¬ 
vidual  differences  in  verbal  ability  are  understood  in  terms  of  people's  differen¬ 
tial  rates  of  access  to  highly  overleamed  information  stored  in  memory.  In  my 
own  theory,  individual  differences  in  verbal  ability  are  understood  in  terms  of 
people's  differential  incidental  learning  of  new  concepts  presented  in  everyday 
contexts. 

It  is  not  possible  in  the  space  allotted  here  to  do  justice  to  all  of  these 
theories,  or  even  to  describe  any  of  them  in  great  detail.  I  will,  however,  pre¬ 
sent  the  bare  bones  of  my  favorite  theory,  my  own. 

Whereas  factorial  theories  use  the  factor  (e.g. ,  verbal  comprehension,  spatial 
visualization,  and  the  like)  as  the  unit  of  analysis,  my  theory  and  ertain  other 
information-processing  theories  use  as  the  unit  of  analysis  the  component.  Whereas 
a  factor  can  be  any  kind  of  underlying  source  of  individual  differences,  a  compo¬ 
nent  is  an  elementary  information  process  that  operates  upon  internal  representa¬ 
tions  of  objects  or  symbols.  It  should  be  emphasized  that  what  is  called  "olemen- 
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tary"  in  one  theory  might  be  called  "complex"  in  another:  A  component  is  elemen¬ 
tary  or  complex  with  respect  to  the  level  of  behavior  a  given  theory  is  attempting 
to  account  for.  A  component  may  translate  a  sensory  input  into  a  conceptual 
representation,  transform  one  conceptual  representation  into  another,  or  trans¬ 
late  a  conceptual  representation  into  a  motor  output.  (11) 

Components  of  intelligence  can  be  subdivided  on  the  basis  of  the  functions  they 
perform  in  intelligent  problem  solving.  The  subdivision  is  basically  a  matter  of  a 
given  theorist’s  choice,  and  must  be  evaluated  for  its  plausibility.  Consider  the 
possible  form  this  subdivision  takes  in  my  own  theory. 

Components  can  be  distinguished  on  the  basis  of  function  into  five  different 
kinds:  metacomponents,  performance  components,  acquisition  components,  retention 
components,  and  transfer  components.  The  functions  of  these  kinds  of  components 
will  be  illustrated  in  the  context  of  their  possible  application  to  the  solution  of 
analogy  problems. 

Metacomponents  are  higher-order  control  processes  used  for  executive  planning 
and  decision-making  in  problem  solving.  In  an  analogy  problem,  for  example,  one 
needs  to  (a)  decide  just  what  kind  of  answer  the  problem  requires — multiple-choice, 
fill-in,  or  whatever;  (b)  select  the  inductive  operations  that  are  needed  to  solve 
an  analogy;  (c)  decide  upon  an  order  in  which  the  inductive  or  other  operations 
should  be  applied;  (d)  decide  whether  to  represent  information  contained  in  the 
terms  of  the  analogy  using  a  list  of  attributes,  a  multidimensional  inaginal  space, 
or  whatever;  (e)  decide  how  much  time  can  be  allotted  to  a  given  analogy;  and  (f) 
monitor  how  well  one  is  progressing  toward  finding  the  best  of  several  analogy 
completions . 

Bill  Salter  and  I  have  collected  data  In  which  we  have  isolated  two  met  a com¬ 
ponents  of  strategy  selection  (£  in  the  above  list)  that  we  refer  to  as  global 
planning  and  local  planning.  The  metacomponents  were  isolated  by  mathematical 
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modeling  of  response  time  data  in  a  complex  analogical-reasoning  test.  (12)  Global 
planning  is  applied  to  a  set  of  problems  that  needs  to  be  solved  (e.g.,  an  analogies 
subtest  on  an  IQ  test)  and  is  heavily  influenced  by  the  context  in  which  the  prob¬ 
lems  are  presented;  but  it  is  uninfluenced  by  the  particulars  of  individual  prob¬ 
lems  within  the  set.  Local  planning  is  applied  to  individual  problems  within  a 
set,  rather  than  to  the  set  of  problems  as  a  whole.  For  very  complex  analogies, 
we  have  found  that  individuals  with  higher  scores  on  a  psychometric  test  of  reason¬ 
ing  ability  tend  to  spend  more  time  than  individuals  with  lower  scores  on  global 
planning,  but  less  time  on  local  planning.  The  brighter  individuals,  in  other 
words,  seem  to  do  more  of  their  planning  "up  front"  in  performing  a  task. 

Performance  components  are  processes  used  in  the  execution  of  strategies  for 
task  performance.  Performance  components  may  be  viewed  as  executing  the  plans  and 
implementing  the  decisions  laid  down  by  the  metacomponents. 

My  collaborators  and  I  have  isolated  performance  components  from  a  number  of 
different  tasks  by  mathematical  modeling  of  reaction  time  and  error  data.  In  an 
analogies  task,  it  has  been  found  that  individuals  with  higher  scores  on  psycho¬ 
metric  tests  of  reasoning  ability  tend. to  spend  more  time  in  encoding  the  terms  of 
an  analogy  than  do  individuals  with  lower  scores,  but  less  time  in  combining,  and 
comparing  terms,  and  in  responding.  This  pattern  of  results  is  quite  compatible 
with  the  metacomponent ial  pattern  of  results  noted  above.  Brighter  individuals 
spend  relatively  more  time  in  preparing  for  (combination  and  comparison)  operations 
that  act  upon  encodings  of  analogy  stimuli,  but  relatively  less  time  in  actual ’y 
executing  these  operations. 

Acquisition  components  are  processes  involved  in  learning  new  information; 
retention  components  are  processes  involved  in  retrieving  information  that  has  been 
previously  acquired;  and  transfer  components  are  processes  involved  in  carrvio-,  over 
retained  information  from  one  situational  context  to  another.  Oar  research  has  n  v 


i 


\i 

H 


i  1 


i 

i  i 
■  ( 

!  i 


n 


yet  reached  the  point  where  wc  are  able  to  specify  what  these  processes  are. 

How  does  this  information-processing  conception  of  intelligence  relate  to  the 
definitional  conceptions  we  considered,  on  the  one  hand,  and  to  the  factorial  ones,  e 
the  other?  In  typical  testing  situations,  the  measurement  of  crystallized  ability 
involves,  for  the  most  part,  accumulated  products  of  past  executions  of  components 
of  acquisition,  retention,  and  transfer.  In  tests  of  vocabulary  and  general  in¬ 
formation,  for  example,  and  to  a  lesser  extent,  in  tests  of  reading  comprehension, 
the  major  determinant  of  individual  differences  will  be  knowledge  acquired  well 
before  the  test  was  ever  taken.  In  contrast,  the  measurement  of  fluid  ability  in¬ 
volves,  for  the  most  part,  current  execution  of  components  of  performance.  The 
components  of  reasoning  required  for  the  solution  of  items  such  as  figural  analogies, 
series  completions,  and  classifications  are  executed  at  the  time  the  test  is  actual lv 
taken. 

Viewed  in  terms  of  the  themes  described  in  the  section  on  definitions  of  in¬ 
telligence,  operations  of  acquisition,  retention,  and  transfer  components  determine 
to  a  large  extent  one’s  ability  to  learn  or  profit  from  experience,  and  the  knowledg.- 
actually  acquired  from  experience;  operations  of  performance  components  are  largely 
responsible  for  an  individual's  abstract  thinking  or  reasoning  ability;  and  the 
met a components  drive  the  components  of  all  the  other  kinds.  The  met  a component s 
may  be  seen  as  the  motivational  element  in  the  present  theory,  akin  in  some  wav 

to  Spearman's  concept  of  "mental  energy."  What  is  missing  from  this  account,  as 
from  the  factorial  account ,  is  any  firm  handle  on  practical  problem  solving  and 
adaptation  to  real-world  environments.  We  are  currently  attempting  to  apply  r.iv 
method  of  component ial  analysis  to  simulations  of  real-world  task  performance,  and 
are  hoping  thereby  to  attain  some  understanding  of  how  people  carrv  out  consequent  i a  1 
actions  in  their  everyday  encounters  with  the  environments  in  which  they  find  the::-- 
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Def icienci.es  of  Intelligence 

Numerous  investigators  have  sought  to  understand  the  nature  of  intelligence 
by  assessing  what  it  is  that  mentally  retarded  individuals  lack.  A  number  of  dif¬ 
ferent  approaches  have  been  taken  to  understanding  the  nature  of  mental  retardation 
but  three  approaches  are  of  particular  interest  to  us  here. 

A  first  approach,  identified  with  inve.stigators  such  as  John  Belmont,  John 
Borkowski,  Ann  Brown,  Earl  Butterfield,  Joseph  Campione,  Norman  Ellis,  and  David 
Zeaman,  seeks  to  understand  mental  retardation  in  terms  of  ineffective  functioning 
of  what  were  called  above  acquisition,  retention,  and  transfer  components,  and 
particularly,  in  the  interaction  between  these  kinds  of  components  and  metacom¬ 
ponents,  or  control  processes.  (13)  It  has  been  possible  in  some  of  the  research 
using  this  approach  to  effect  dramatic  improvements  in  the  learning  and  recall 
performance  of  retarded  individuals  by  training  these  individuals  in  strategies 
for  rehearsing  items  recently  presented  in  word  lists,  strategies  for  organizing 
the  words  on  these  lists  in  a  way  that  makes  them  easier  to  recall  (e.g.,  by 
semantic  category  membership),  strategies  for  apportioning  study  time  during  learn¬ 
ing,  and  the  like.  In  terms  of  the  factorial  language,  subjects  may  be  viewed  as 
having  been  trained  in  skills  that  lead  to  improved  crystallized  ability.  In  terns 
of  the  language  of  the  definitional  approach,  subjects  may  be  viewed  as  having  been 
trained  to  learn  or  profit  from  experience. 

A  second  approach,  identified  with  investigators  such  as  Milton  Budoff,  Carl 
Bereiter,  Sigfried  Engelmann,  and  Reuven  Feuerstein,  seeks  to  understand  mental 
retardation  in  terms  of  ineffective  functioning  of  what  were  called  above  per  for:-..  :, 
components,  and  particularly,  in  the  interaction  between  this  kind  of  component  and 
metacomponents.  (14)  Improvements  in  performance  on  IQ  tests  have  been  attaint J 
through  the  use  of  training  based  upon  this  approach.  Feuerstein's  instrumental 
enrichment  program  is  probably  the.  lnrgcst-scale  program  of  this  kind,  and  tin- 
results  of  using  it  have  been  highly  favorable.  Tn  terms  of  the  factorial  lnngu.t.  e 
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subjects  may  be  viewed  as  having  been  trained  In  fluid  ability  skills.  In  terms 
of  the  language  of  the  definitional  approach,  subjects  may  be  viewed  as  having 
been  trained  In  abstract  reasoning  and  thinking  skills. 

A  third  approach,  identified  primarily  with  Edward  Zigler,  seeks  to  understand 
mental  retardation  at  least  partly  in  terms  of  motivational  variables  that  operate 
differently  in  normal  and  retarded  individuals.  (15)  Zigler  has  not  claimed  that 
mental  retardation  should  be  understood  primarily  as  some  kind  of  motivational  de¬ 
ficiency.  Rather,  he  has  suggested  that  in  order  to  understand  fullv  the  effects 
of  cognitive  deficiencies,  one  must  understand  how  the  effects  of  cognitive  vari¬ 
ables  are  mediated  by  motivational  ones.  By  effecting  quantitative  and  qualitative 
changes  in  the  motivational  levels  of  retarded  children,  Zigler  and  his  colleagues 
have  been  able  to  obtain  large  improvements  in  these  children's  performance  on  tra¬ 
ditional  cognitive  tasks.  I  believe  that  Zigler  has  persuasively  shown  that  the 
motivational  component  running  through  the  notions  of  intelligence  considered 
earlier  is  important  as  well  in  understanding  one  source  of  deficient  performance 
in  mentally  retarded  individuals. 

No  one  seems  to  have  proposed  an  approach  to  understanding  mental  retardation 
in  tc«.ms  of  ineffective  functioning  in  real-world  environments  (although  the  moti¬ 
vational  approach  comes  close  to  this  in  some  respects),  and  with  good  reason. 
Mildly  retarded  individuals,  those  who  have  been  by  far  the  most  widelv  studied, 
function  surprisingly  well  in  real-world  settings.  Indeed,  mild  retardation  seems 
primarily  to  be  an  academic  problem  and  hence  a  childhood  problem.  Once  the  indi¬ 
vidual's  primary  adaptation  is  to  spheres  other  than  academic  ones,  there  are  an 
number  of  societal  roles  in  which  tic  or  she  can  function  effectively. 

Conclusions 

On  the  basis  of  the  review  conducted  above,  I  am  prepared  to  suggest  that  tiv 
fully  adequate  theory  or  measure  of  intelligence  needs  to  take  into  a< .  'Mint  at  1.  t 


four  macrocomponent s  of  intollocLu.il  performance. 


I  am  inclined  to  refer  to  then 


as  "macrocomponent s"  in  order  to  distinguish  them  from  the  "microcomponents  "  1  de¬ 
scribed  earlier  i.  presenting  my  own  theory  of  intelligence.  The  four  macrocem.po- 
nents  are: 

1.  Ability  to  learn  and  profit  from  experience  and  the  products  of  this  o:<- 
per ienec  (also  referred  to  earlier  as  crystallized  ability  and  as  the  functioning 
and  products  of  acquis  i  t  ion ,  retention,  and  transfer  components  as  driven  by  r.eta- 
components).  An  intelligent  person  learns  from  bis  or  her  interactions  with  the 
environment,  and  uses  his  or  her  experience  to  greater  advantage  than  does  a  less 
intelligent  person.  As  a  result,  the  intelligent  person  tends  to  know  more  (except 
in  cases  of  deprivation  of  an  individual  In  his  or  her  interactions  with  the  environ 
ment ,  in  which  cases  the  opportunities  to  learn  are  simply  not  presented  to  the 
individual ) . 

2.  Ability  to  think  or  reason  ahst  r.«  t  )y  (also  referred  to  earlier  as  fluid 
ability  and  as  the  functioning  of  performance  components  as  driven  by  metaconpo- 
iicnts).  An  intelligent  person  can  inter  relations  between  events,  apply  these 
relations  to  new  situations,  integrate  information,  and  otherwise  exploit  given 
and  inferred  information  to  greater  advantage  than  can  a  less  ir'.  lligent  person. 

3.  Ab  ilj  t_y  to  adapt  oneself  to  t  he _ yn  js  tries  of  a  changing  and  nn<  o  rt  a  i  n  r.  ■  ■  ?  - 

world  environment.  An  intelligent  person  is  a  hotter  practical  problem  solver  thin 
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4.  Ability  to  motivate  oneself  to  accomplish  expeditiously  the  tasks  one  needs 
to  accomplish.  An  intelligent  person  is  more  highly  motivated  than  an  unintelligent 
one  to  accomplish  the  things  that  matter  for  successful  adaptation  to  his  or  her 
environment.  Such  a  person  expresses  more  of  an  orientation  toward  task  accomplish¬ 
ment. 

In  distilling  the  findings  of  four  approaches  to  intelligence  in  order  to 
identify  the  macrocomponents  that  are  common  to  all  or  almost  all  of  them,  I  have 
of  course  been  selective  in  my  inclusion  of  information,  and  biased  in  my  interpre¬ 
tation  of  the  information  I  have  included.  Whether  or  not  my  selections  and  biases 
have  been  unfair  is  a  matter  for  my  readership  and  my  peers  in  the  field  to  judge. 
Like  all  investigators,  I  would  like  to  believe  that  I  have  been  reasonable  and 
fair.  One  possibly  promising  sign  that  I  have  indeed  been  reasonable  and  fair  is 
that  there  is  nothing  nonobvious  about  the  four  macrocomponents  I  have  listed;  to 
the  contrary,  they  are  abilities  that  people  in  various  walks  of  life  have  for  many 
years  asserted  to  be  integral  parts  of  intelligence.  Indeed,  that  is  how  thev  jot 
on  the  list!  To  the  extent  that  these  four  items  do  seem  to  emerge  in  research  on 
intelligence,  almost  without  regard  to  the  approach  that  is  used,  one's  confidence 
in  their  importance  to  a  theory  of  intelligence  increases. 

Since  the  majority  of  investigators  of  intelligence  switched  their  allegiance 
from  the  factorial  approach  (ypon  which  IQ  tests  were  originally  based)  to  the  in¬ 
formation-processing  approach,  we  have  learned  a  lot  about  certain  aspects  of  in¬ 
telligent  behavior.  Consider,  for  example,  the  analogy  problem  that  is  so  frepu. al¬ 
ly  found  on  tests  of  intelligence.  Before  the  informat  ion-processing  analysis  c  • 
analogy  task  performance,  we  knew  little  more  than  that  the  analogy  was  a  vorv  -eej 
measure  of  fluid  ability.  We  now  know  (a)  the  component  processes  people  use  in 
solving  analogies,  (b)  the  various  strategies  into  which  these  processes  combine  : a 
order  to  form  a  working  procedure  for  solution,  (c)  upon  what  kinds  of  interna! 
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representations  for  information  these  component  processes  and  strategic*;  act,  (d) 
approximately  how  much  time  is  spent  on  each  component  process  for  analogies  of 
different  kinds,  (e)  approximately  how  likely  each  of  these  processes  is  to  he-  exe¬ 
cuted  accurately,  (f)  which  component  processes  are  responsible  to  what  degree  for 
the  analogy's  usefulness  as  a  measure  of  fluid  ability,  and  quite  a  bit  more.  We 
also  know  how  individuals  differ  in  these  various  aspects  of  information  processing, 
both  within  and  across  age  levels.  (16) 

The  knowledge  we  have  gained  from  intensive  information-processing  analysis  of 
problems  found  on  IQ  tests  convinces  me  that  contemporary  theories  of  intelligence 
are  quite  adequate  in  their  accounts  of  the  first  two  macrocomponents  listed  above. 

But  they  are  wholly  inadequate  in  their  accounts  of  the  last  two  macrocomponents. 

If  we  return  to  the  question  posed  at  the  beginning  of  the  article  regarding 
the  relationship  between  natural  intelligence  and  measured  intelligence,  we  find 
that  what  IQ  tests  measure  pretty  much  reflects  the  current  state  of  theory,  re¬ 
gardless  of  the  approach  motivating  the  theory.  Intelligence  tests  are  nuite 
strong  in  their  measurement  of  the  first  two  macrocomponents  in  the  list,  but  quite  weak  in 
their  measurement  of  the  last  two  macrocomponents.  Note  that  factorial  and 
information-processing  theories  have  essentially  t lie  same  patterns  of  strengths 
and  weaknesses  in  this  respect:  A  change  from  measurement  of  factors  to  measurement 
of  microcomponents  will  not  alter  the  essential  coverage  of  the  tests,  because  the 
items  that  have  been  analyzed  via  the  two  kinds  of  techniques  are  almost  the  same. 

Indeed,  I  have  argued  lure  and  elsewhere  in  detail  that  the  ground  covered 
by  factorial  and  information-processing  theories  is  almost  identical.  (17) 

I  do  not  have  any  doubt  that  the  motivation  required  t o  perfotn  well  on  K 
tests  will  provide  at  least  some  indication  (if  the  motivation  an  individual  has 
to  perform  in  more  typical  kinds  of  situations;  nor  do  1  have  any  d"uM  that  the 
ability  to  solve  the  often  somewhat  obscure  kinds  of  problems  presented  on  these 
tests  will  correlate  in  some  small  degree  with  tin*  ability  to  solve  | i o!  lens  in  tie 
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real  world.  But  the  measurement  of  these  abilities  provided  by  1 0  tests  is  minimal 
and  certainly  less  than  adequate.  Problems  such  as  those  both  factorial  and  inior- 
mat ion-processing  investigators  have  studied  can  measure  only  a  small  subset  of  the 
skills  that  contribute!  to  intelligent  behavior.  People  have  tried  before  to  measure- 
motivational  and  practical  problem  solving  abilities,  and  they  have  met  with  some 
success,  at  least  in  the  motivational  domain.  (18)  But  1  believe  we  need  to  re¬ 
double  these  efforts,  despite  the  frequent  frustrations  with  which  they  have  met 
in  past  research.  Our  present  policy  in  research  on  intelligence — to  direct  almost 
all  of  our  efforts  toward  further  understanding  and  better  measurement  of  those 
abilities  that  we  Itave  been  most  successful  in  understanding  and  measuring  in  the 
past  —  is  an  understandable  one.  This  policy  has  been  productive  in  the  past,  and  I 
expect  it  will  continue  to  be  productive  in  the  future,  at  least  in  the  short  run. 

It  is  not  likely  to  he  the  most  productive  policy  to  follow  in  the  long  run,  however. 
1  and  many  others  believe  wo  have  pretty  much  reached  a  ceiling  on  what  we  can  do 
with  the  kinds  of  tests  we  presently  have.  As  I  stated  nb.ove,  changing,  the  forms 
of  the  scores  from  factorial  to  information-processing  ones  will  not  change  the  lim¬ 
itations  inherent  in  the  narrow  range  of  abilities  we  arc  presently  studying.  In 
order  to  improve  our  measurement  of  intelligence  ana  our  theories  ol  wh.it  give!,  rise 
to  scores  on  these  measurements,  we  need  to  supplement  what  we  have,  both  in  tor.', 
of  measurement  and  theory.  Perhaps  we  will  have  to  accustom  oursclvc-.  to  exper  i  .  :u  - 
ing  more  failures  in  meeting  our  short-term  goals  in  order,  hopeful lv,  to  cxpcri.r.i 
more  successes  in  eventually  meet  ing  our  long-term  goals.  These  g<-  ils  would  si  <  m  to 
include  as  an  essent  ial  part  the  understanding,  and  measurement  of  intelligence  is 
the  fullest  sense  ol  the  term,  rather  than  in  a  narrow  and  restrict  i\v  one.  (l'l 
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1  Psychologist 

ONR  Branch  Office 
Bldg  114,  Section  D 
666  Summer  Street 
Boston,  MA  02210 

1  Psychologist 

ONR  Branch  Office 
536  S.  Clark  Street 
Chicago,  IL  CO505 

1  Office  cf  Naval  Research 
Cede  4  37 

300  N.  Quincy  SStreet 
Arlington,  VA  22217 

1  Office  cf  Naval  Research 
Ccd»'  441 

800  N.  Quincy  Street 
Arlington,  VA  22217 

5  Personnel  A  Training  Research  Program 
(Code  458) 

Office  cf  Naval  Research 
Arlington,  VA  22217 

1  Psychologist 

ONR  Pr  inch  Office 
10?n  East  Green  Street 
P«. sad ena  ,  CA  91 101 

1  Office,  cf  the  Chief  cf  Naval  Operatic 
Research  Development  &  Studies  Branch 
(OP-115) 

Wishing ten,  DC  20350 

1  Dr.  Domic!  F.  Parker 

Gr.ilujle  School  cf  Eusiness  Adminir.tr 
University  of  Michigan 
A.-:i  /rber,  MI  48109 

1  LT  Frank  C.  Petho,  MSC.  USN  (Ph.C) 

Mr.  dr  L51 

.Veil  Aerospace  M»di<-al  Research  L.. 

P  nsaccla,  FL  -2503 
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Navy 


1  Reger  W.  Remington,  Ph.D 
Cede  L52 
NAI1RL 

Pensacola,  FL  32508 

1  Dr.  Dernard  Rimland  (02D) 

Navy  Personnel  R'iD  Ctnter 
San  Die, •go,  CA  92152 

1  Mr.  Arnold  Rubenst°in 

Naval  Personnel  Support  Technology 
Naval  Material  Command  (0ST244) 

Room  1044,  Crystal  Plaza  '<5 
2221  Jefferson  Davis  Highway 
Arlington,  VA  20360 

1  Dr.  Worth  Scanlsnd 

Chief  of  Naval  Education  and  Training 
Code  N-5 

NAS,  Pen  sacola,  FL  3250S 

1  Dr.  Sam  Schiflett,  SY  721 

Systems  Engineering  Test  Directorate 
U.S.  Naval  Air  Test  Center 
Patuxent  River,  MD  20670 

1  Dr.  Robert  G.  Smith 

Office  of  Chief  of  Naval  Operations 
OP-94711 

Washington,  DC  20350 

1  Dr.  Alfred  F.  Sicde 

Training  Analysis  &  Evaluation  Group 
(TAFG) 

Dept,  of  the  Navy 
Orlando,  FL  7281  3 

1  W.  Gary  Thomson 

Naval  Ocean  Systems  Center 
Code  7132 

San  Diego,  CA  921S2 

1  Dr.  Ronald  Weitzman 
Code  54  JZ 

Department  of  Administrative  Sciences 
U.  3.  Naval  Postgraduate  School 
Monterey,  CA  92940 


Navy 


1  Dr.  Robert  Wisher 
Cede  309 

Navy  Personnel  R^D  Center 
San  Diego,  CA  9215? 

1  DR.  MARTIN  F.  WISKOFF 

NAVY  PERSONNEL  R&  D  CENTER 
SAN  DIEGO,  CA  92152 

1  Mr  John  H.  Wolfe 
Cede  P310 

U.  S.  Navy  Personnel  Research  and 
Development  Center 
San  Diego,  CA  92152 
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Army 


Air  Force 


1  Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22 333 

1  HQ  U3APEUE  &  7th  Army 
ODCSOPS 

USAAPEUE  Director  of  GED 
APO  New  York  COHO7 

1  DR.  RALPH  DUSFK 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

1  Dr.  Michael  Kaplan 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISFNHCWER  AVENUE 
ALEXANDRIA,  VA  22333 

1  Dr.  Milton  S.  Katz 

Training  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Harold  F.  O'Neil,  Jr. 

Attn:  PERT-OK 
Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Robert  Snsmcr 

U.  S.  Army  Research  Institute  fer  t!.-* 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22 333 


1  Air  University  Library 
AUL/LSE  76/443 
Maxwell  AFB,  AL  36112 

1  Dr.  Earl  A.  Alluisi 
HO,  AFHRL  ( AFEC) 

Erocks  AFB,  TX  73235 

1  Dr.  Genevieve  Haddad 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Belling  AFB,  DC  20332 

1  Dr.  Ronald  G.  Hughes 
AFIIRL/OTR 

Williams  AFB,  AZ  85224 

1  Dr.  Hess  L.  Morgan  ( AFHRL/LR) 
Wright  -Patterson  AFB 
Ohio  45433 

1  Dr.  Malcolm  Ree 
AFHRL/HP 

Crocks  AFB,  TX  78235 

1  Dr.  Marty  Rcckway 
Technical  Director 
AFHRL(OT) 

Williams  AFB,  AZ  58224 

2  ~?no  TCHTW/TTGM  Step  ’2 
Sheppard  AFB,  TX  76311 

1  Jack  A.  Thorp,  Kaj.,  U3AF 
Life  Sciences  Directorate 
AF^'-R 

Celling  AFC,  DC  20332 


1  Dr.  Frederick  Steinheiser 
U.  S.  Army  Peserci.  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  2233‘> 

1  Dr.  Joseph  Ward 

U.S.  Army  Feser.reh  Institute 
5001  Pi  sent. ewer  Avenue 
A1 exand r i a  ,  VA  22 3  33 
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Marines 


CcaslGuird 


1  H.  V/illinm  Greenup 

Education  Adviser  (E071) 
Education  Center,  MCPEC 
Quanticc,  VA  2317'! 

1  Headquarters,  U.  S.  Marine  Corps 
Cede  KPI-20 
Washington,  DC  203°0 

1  Special  Assistant  for  Marine 
Corps  Matters 
Code  100M 

Office  of  Naval  Research 
800  tJ.  Quincy  St. 

Arlington,  VA  22217 

1  DR.  A.  L.  SLAFKOSI'Y 

SCIENTIFIC  ADVISOR  (CODE  RD- 1 ) 
HQ,  U.S.  MARINE  CORPS 
UASHINGTOM ,  DC  20380 


1  Chief,  Psychological  he  sere h  Iran 
U.  S.  Coast  Guard  (G-?-1/2/TPt2) 
Washington,  DC  2DS95 

1  Mr.  Thomas  A.  Warm 

U.  S.  Coast  Guard  Institute 
P.  0.  Substation  17 
Oklahoma  City,  OK  771(0 
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Other  DcD  Civil  Gcvt 


1?  Defense  Technical  In fc me  tic  n  Cent' r 
Canercn  Station,  Eld;;  5 
Alexandria,  VA  P2 3 1  ^4 
Attn:  TC 

1  Dr.  Dexter  Fl'tcher 

ADVANCED  RF.'r.ADCM  PROJECTS  AGEPCY 

itop  wilscn  :jlvd. 

ARLINGTON,  VA  222C? 

1  Military  Ansi r, tint  fcr  Trainin’  and 
Personnel  Technology 

Office  cf  the  Under  Secretary  cf  Defense 
fcr  Research  4  Engineering 
Room  ID  IP",  The  Pentagon 
’dashing ten  ,  DC  20. 301 


1  Dr,  Susan  Chipn-n 

Le«.rning  and  Development 
National  Institute  cf  Education 
Ipnrt  10th  Street  f;W 
sting  ten,  DC  ?02D? 

1  Dr.  Joseph  I.  Lipscn 

Sm  ’..’-633 

National  Science  Foundation 
V ashing ton  ,  DC  20550 

1  Wi 1 1 1  wn  J  .  fc  La  ur in 

Pi.  '01,  Internal  Revenue  Sc  rv.ee 
2221  Jefferson  Davis  "lghway 
Ar 1  ini ton ,  VA  22202 

1  Dr.  Andrew  R.  fclnar 

Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  205 5’ 

1  Pirscnnel  FID  Center 

Office  cf  Personnel  Funagtncnt 

1900  E  Street  K.l 

'.! ashingten,  DC  20415 

1  Dr.  II.  Wallace  Si n..i kc 

Program  Director 

Manpower  Rese.ircti  and  Advisory  Serv 
Smithsonian  Institution 
501  North  Pitt  Gtrc"-f. 

Alexandria,  VA  22]1'i 

1  Dr.  Frank  Wi  throw 

U.  S.  Office  cf  EJuc.t.on 
11 CD  ''aryl  and  Awe.  S.i 
'.•'.•shir’ ten ,  DC  20202 

O’- .  Joseph  L.  Yc  un  ,  Din:  ter 
""•'ory  \  Cognitive  Pr  1  1  i_  0  •  ■  s 
■■  *>  a-1  Science  Four,?  it  lot, 

.a  .in, ’ten  .  DC  2 OS',  1 
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Non  Gcvt 


Non  Gcvt. 


1  Dr.  .Ichn  R.  Andersen 

Department  of  Psychology 
Carnegie  Nellcn  University 
Pittsburgh,  PA  15213 


1  Dr.  Jackson  Peatty 

Department  cf  Psyciiclcgy 
University  cf  California 
Los  Angeles.,  CA  90024 


1  Andersen,  Thomas  H. ,  Ph.D. 

Center  for  the  Study  cf  Reading 
174  Children’s  Research  Center 
51  Gerty  Drive 
Champiagn,  IL  MR? 0 

1  Dr.  John  Annett 

Department  of  Psychology 
University  cf  Warwick 
Coventry  CV4  7AL 
ENGLAND 

1  DR.  MICHAEL  AT.JCOD 

SCIENCE  APPLICATIONS  INSTITUTE 
40  DENVER  TECH.  CENTER  WEST 
7935  F.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  30110 

1  1  psychological  research  unit 

Dept,  cf  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr.  Alan  Podrieley 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Rend 
Cambridge  CR2  2EF 
ENGLAND 


1  Dr.  Isaac  Eejar 

Educational  Testing  Service 
Princeton,  NJ  03450 

1  Dr.  Nicholas  A.  Bend 
Dept,  of  Psychology 
Sacramento  State  College 
600  Jay  Street 
Sacramento,  CA  95319 

1  Dr.  Lyle  Bourne 

Department  cf  Psyclclcgy 
University  cf  Colorado 
Boulder,  CO  30309 

1  Dr.  Robe,  t  Trennan 

American  College  Testing  Programs 

P.  0.  Bex  163 

Iowa  City.  I A  52240 

1  Dr.  John  S.  Drown 

XEROX  Palo  Alto  Restorch  Center 
3333  Cc  yo  te  Rc  ad 
Pale  Alto.  CA  94J04 

1  Dr.  Drue e  Fuchanan 

Department  cf  Computer  Science 
Stanford  University 
Stanford  ,  CA  94 305 


1  Dr.  Pal>-  jc  ia  Baggett 

Department  of  Psychology 
University  cf  Denver 
University  Park 
Denver,  C'  30203 


1  DR.  C.  VICTOR  BUNDERSC! 
WICAT  INC. 

UNIVERSITY  PLA7 A ,  SUIT F  10 
1160  SC  .  STATE  ST. 

ORF'l,  III  04057 


1  Mr  Av  rcri  f  ar r 

Department  of  Computer  Science 
Stanford  University 
St.anfc  rd  ,  CA  94 


1  Dr.  P.jt  Carpenter 

Department  cf  PsycIHr’y 
Carr.rgie-ye  n^n  I'n  ;  v.  »  m  ty 
Pi '  :  sburgh ,  PA  IV’1  ■ 
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Non  Gcvt 


1  Dr.  John  P.  Carroll  1 

Psychometric  Lab 
Univ.  cf  Vo.  Carolina 
Davie  Hall  oi^A 
Chapel  Hill,  IIC  2 75 14 

1  Charles  Myers  Library  1 

Livingstone  House 
Livingstone  Road 
Stratfc rd 
London  E 1 5  2LJ 

ENGLAND  1 

1  Dr.  William  Chase 

Department  cf  Psycliclcgy 

Carnegie  Mellon  University 

Pittsburgh,  PA  15213  1 

1  Dr.  Michel ine  Chi 

Learring  RAD  Center 

University  cf  Pittsburgh 

3939  O'Hara  Street  1 

Pittsburgh,  PA  15213 

1  Dr.  William  Clancey 

Department  of  Computer  Sci°nce 

Stanford  University  1 

Stanford,  CA  9^305 

1  Dr.  Kenneth  F.  Clark 

College  cf  Arts  Sciences 

University  cf  ester 

River  Campus  St.-'  icn  1 

Rochester,  NY  1  <'>"'7 

1  Dr.  Neman  Cliff 

Dept  .  cf  Psycho  1  o ■  y  1 

Univ.  cf  Sc.  Cali  fern  . 

U'liv-’rsity  Park 

Lcs  Angeles,  0\  ohm; 

1  Dr.  Mian  M.  Collins  ’ 

ft  i  ♦  ror.n*'k  A  t'nn  in  ,  Inc. 

50  ”c  ul  ten  St*-  »'t 

C-'inbr  l  1  P,«  ,  H.i  ''PI  J 


Non  Govt 


Dr.  Lynn  A.  Cooper 

LRDC 

University  of  Pittsburgh 
3939  O’ilara  Street 
Pittsburgh,  PA  15213 

Dr.  Meredith  P.  Crawford 
American  Psychological  Association 
1200  17th  Street,  N.W. 

Washington,  DC  20035 

Dr.  Kenneth  P.  Cress 
Anacapa  Sciences,  Inc. 

P.C.  Drawer  0 

Santa  Barbara,  CA  93102 

Dr.  Emmanuel  Donchin 
Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

Dr.  Hubert  Dreyfus 
Department  cf  Philosophy 
University  cf  California 
Perkely,  CA  94720 

LCOL  J.  C.  Eggenberger 

DIP  ECTOR  ATE  OF  PERSONNEL  APPLIED  RFSEARC 
NATIONAL  DEFENCE  HO 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K 1 A  0X2 

ERIC  Facility-Acquisitions 
4833  Rugby  Aver.u-. 

Pethasda,  HD  2''9!« 

Dr.  Fd  Feigenbun 

Dep  ir'  u-nt  of  rc  i  jt.»t  c it  nee 

St..:i  f;  r  !  I’n  l  v  vr  m  •  y 

St  .-if.  •  '  .  CA  '  .  J'r 

’  ‘  •  ’  *11.  F argute n 

■i  n  Co  1 1  Test*,  n-,  Prcgr  ai 
<  :•  : 

■  ‘ .  :a  r??n? 
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Non  Govt 


1  Dr.  Edwin  A.  Fleishman  1 

Advanced  Research  Resources  Organ. 

Suite  TOO 

4330  East  West  Highway 
Washington,  DC  20014 

1 

1  Dr.  John  R.  Frederiksen 
Bolt  Eeranek  K  Newnan 
50  Mcultcn  Street 
Cambridge,  f.A  C2133 

1 

t  Dr.  Alinda  Friedman 

Department  cf  Psychology 
University  cf  Alberta 
Edmonton,  Alberta 

CANADA  T6G  2E9  1 

1  Dr.  R.  Edward  Geiselman 
Department  cf  Psychology 
University  of  California 
Lcs  Aagoles,  CA  9^024  1 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 

3939  O'HARA  STREET  1 

PITTSBURGH,  PA  15213 

1  Dr.  Marvin  D.  Clock 
217  Stone  Hall 

Cornell  University  1 

Ithaca,  NY  14653 

1  Dr.  T>ani-?1  Gopher 

Industrial  t  Management  Engineering 
Technicn-Tsrael  Institute  cf  Technology  1 
Haifa 
ISRAEL 

1  DR.  JAMES  0.  GRFF'.'O 

LRPC  1 

UN T VERS  IT Y  OF  PITTSBURGH 
3959  O'HARA  STREET 
PITTSBURGH,  PA  15213 


Dr.  Harold  Hawkins 
Department  cf  ps yc lx;  1  eg y 
University  cf  Oregon 
Eugene  OR  97403 

Dr.  Barbara  Hayes-Rcth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90400 

Dr.  Frederick  Hayes-Rcth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 

Dr.  James  R.  Hoffmrn 
Department  of  Psychology 
University  cf  Delaware 
Newark,  DE  19711 

Glenda  Greenwald,  Ed. 

"Hunan  Intelligence  Uewslett 
P.  0.  Bex  1163 
Birmingham,  MI  48012 

Dr.  Lloyd  Humphreys 
Department  cf  Psychology 
University  cf  Illinois 
Champaign,  IL  61B20 

Library 

Hun  KFO/V!e  stern  Division 
27057  Berwick  Drive 
Carmel,  CA  93921 

Dr.  Farl  Hunt 
Dept,  cf  Psychology 
University  cf  Washington 
Seattle ,  WA  98 ICE 

Dr.  Steven  W.  Keele 
Dept,  cf  Dsycfclcgy 
University  of  {'.regen 
Eugene ,  OR  9740  < 


1  Dr.  Ren  Hambletcn 
School  cf  Frf  jent  ion 
Univorri'y  ^ f  ”  lsserhusetts 
Amherst,  “A  ni.iog 


1  Df  .  ..'alter  hint r.c h 

IV  par  *  mint  cf  Psyche  ]  c.'.y 
Hi  l  versi  ty  cf  Cc  lor,.  !c 
Pc  uMr,  CO  .-OAO? 
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1  Dr.  David  Kieras  1 

Department  cf  Psychology 
University  cf  Arizona 
Tusccn,  AZ  35721 

1  Dr.  Stephen  Kcsslyn  1 

Harvard  University 
Department  cf  Psychology 
33  Kirkland  Street 
Cambridge,  MA  02133 

1 

1  Mr.  Marlin  Kroger 
1117  Vis  Gcleta 

Pales  Verdes  Estates,  CA  90274 

1  Dr.  Jill  Larkin  1 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Alan  Lesgold 

Learning  R'<D  Center  1 

University  cf  Pittsburgh 
Pittsburgh,  PA  15260 

1  Dr.  Charles  Levis 

Faculteit  Sccinle  ’./e  ten  sc  happen  1 

Ri jksun iversiteit  Groningen 
Oude  Pcteringestraat 
Groningen 

NETHERLANDS  1 

1  Dr.  Janes  Lumsien 

Department  of  Psychology 
University  of  Western  Australis 
Ned  lands  ’.'.A.  60^9  1 

'AUSTRALIA 

1  Dr.  Mark  Miller 

Computer  Science  Laboratory 
Texas  Instruments,  Inc.  1 

Mail  Station  771,  P.0.  Ecx  225936 
Dallas,  TX  75265 

1  Dr.  Allen  Munrc 

Pa  he v i oral  Technology  Laboratories  1 

1 " •’< 5  Elena  Avo.,  Fourth  Floor 
Redondo  Poach,  C A  90277 


Ncn  Govt 

1 

Dr.  Donald  A  Norman  I 

Dept,  cf  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

: 

Dr.  Melvin  R.  Ncvick  j 

356  Lindquist  Center  for  Heasurment  '■ 

University  cf  Iowa  j 

leva  City,  IA  52242  j 

Dr.  Jesse  Orlansky  ;  i 

Institute  for  Defense  Analyses 

400  Army  Navy  Drive  ;  J 

Arlington,  VA  22202 

> 

Dr.  Seymour  A.  Pa  pert  . 

Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Lab  * 

545  Technology  Square 
Cambridge,  MA  C2136 

f  j 

Dr.  James  A.  Paulsen 
Portland  State  University 
P.O.  Pcx  751 
Portland,  OR  97207 

MR.  LUIGI  PETEULL0 
2431  N .  EDGEWCGD  STREET 
ARLINGTON,  VA  22207 

Dr.  Martha  Pci  sen 
Department  of  Psychology 
University  cf  Colorado 
Boulder,  CO  S03C2 

DR.  PETER  POLSON 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 

BOULDER,  CO  SO 30 9  j 

I 

Dr.  Steven  E.  Pclt.rcck 
Department  cf  Psyclx-logy 
University  cf  Denver 
Denver, CO  P0203 

DR.  DIANE  M.  FAMSrY-KLEE 
R-K  RESEARCH  A,  SYSTEM  DESIGN 

3947  RIDGEMONT  DRIVE  1 

MALIBU,  CA  90255 
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No  n  Go  v  t 


1  M  INRAT  M.  L.  RAUCH 
P  II  4 

i' u:i de: r ' 1 1 ? i t s tf r t * der  verteidigung 

POSTFACI!  132? 

D--53  BONN  1,  GERMANY 

1  Dr.  Hark  D.  Reckase 

r4ucaticn.il  Psychology  Dept. 
University  cf  Misscur i-Cclunbi? 

4  Hill  Hall 
Columbia ,  MO  65211 

1  Dr  .  Fred  Re  i  f 
SESAME 

c/c  Physics  Department 
Univ'r  sity  cf  California 
Pcrkely.  CA  94720 

1  Dr.  Andrew  M.  Rose 

American  Institutes  fcr  Research 
1055  Themes  Jefferson  St.  NW 
V.’ashiri3tcn ,  DC  2O097 

1  Dr.  Ernst  7.  Rcthkcpf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  MJ  07974 


1  Committee  on  Cognitive  Research 
n  Dr.  Lonnie  R.  Sherrod 
Social  Science  Research  Council 
605  Third  Avenue 
Mew  York,  NY  10016 

1  Robert  S .  Siegler 
Associate  Professor 
Carnrgie-Mellcn  University 
Department  cf  Psychology 
Sc  hen ley  Park 
Pittsburgh,  PA  15213 

1  Dr.  Robert  Smith 

Department  cf  Computer  Science 

Rutgers  University 

New  Erunswick,  MJ  08903 

1  Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  94  305 

1  DR.  ALBERT  STEVENS 

tOl.T  HERA  NEK  A  NEWMAN,  INC. 

50  MG! I!  TON  STREET 
CAMBRIDGE,  M,A  02138 


1  PROF.  FUMIKO  SAM EJ IMA 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  TENNESSEE 
KNOXVILLE ,  TN  J7916 

1  Dr.  Irwin  kici  r  n  sc  n 

Department  cf  Psychology 
University  cf  Wo  shine  ton 
Seattle,  W A  05195 

1  DR.  WALTER  S'lE 'EIDER 
DEPT.  OF  P;-,v'";oLO0Y 
UNIVERSITY  OF  ILLINOIS 
CHAMPA  IGN  ,  II.  0 1670 

1  Dr.  Alan  Schceuf'  Id 

Department  of  Matuernatics 
Hamilton  College 
Clinton,  Nv  17^3 


1  i  • 


1  Dr.  Thomas  G.  Sticht 

Director,  P.asic  Skills  Division 
HUMRRO 
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